The objective of this research is to determine the mechanical properties of the waste-plastic-banner-fiber reinforced concrete: compressive strength, splitting tensile strength, rupture modulus and modulus of elasticity. Concrete mixtures with different proportions of waste plastic banner fiber were produced and tested: 0%, 0.25%, 0.5%, 1.0%, 2.0% of waste plastic banner fiber.
INTRODUCTION
The economic growth in Indonesia has shown a steady increase in recent years, partly due to the advent of digital printing technology. Fabric banners used in the old days of printing technology become obsolete and are quickly replaced by felxy banner media derived from PVC, which is derivative of plastic materials. While flexy banners have advantages over fabric banners in terms of printing cost and durability, flexy banners pose a real problem to the environment because they can not be easily decomposed. However, unused plastic banners can be cut into small pieces to become plastic fibers.
Concrete which is widely used in the infrastructure construction, is a mixture of cement, fine aggregates such as sand, coarse aggregates such as gravel and water as reagents cement. It is known that concrete has a very high compressive strength, but it is weak in tensile strength. To improve its resistance to the tensile stress, sometimes fibers were added to the concrete mixture. Some types of fiber can be added in concrete mixtures such as bamboo fibers, steel fibers, plastic fibers and so on. The research of using fiber in concrete mixture was developed years ago. New experiments, such as Rao (2016) , found that the addition of steel fibres to the concrete mixture increase the split and flexural strength of concrete up to 30% [1] . Hassan (2015) used steel fibers on one-way concrete slabs to increase stiffness, reduce crack width and its ductility [2] . The addition of volumetric ratio of steel fibers up to 0.4% of volume in concrete mixture increases the ultimate load of the slab between 20.7% to 56.9% and the addition of volumetric ratio of volumetric steel fiber up to 0.8% will increase the ultimate load between 48.3% to 90.5%.
The presence of steel fibers on one-way concrete plates is able to prevent cracking. Rao (2011) invesitaged the effect of adding polypropylene fiber to high beam concrete mixed with fly ash: adding polypropylene fibers of 0.5% to 1% increased the bending strength of the concrete beam between 15% and 20% and increased the concrete compressive strength from 15 MPa to 25 MPa [3] . This experiment showed that high beams with fibers and fly ash have more ductile failure compared to specimens without the addition of polypropylene fibers. Pawar (2014) used a mixture of iron slag waste (GGBS) and steel fibers in concrete mixtures used in rigid pavement. The optimal strength of optimum concrete mixture, which is 5.09 Mpa, is obtained by the addition of 30% GGBS material. Adding 1% steel fiber into the mixture, could increase the bending capacity of concrete even further up to 7.87 MPa (more than 50% of the normal strength) [4] .
This research is part of a grand research scheme to understand the effect of using plastic materials in concrete mixture. The previous research done by Setiawan [5] , investigated the use of Epoxy Polystyrene (EPS) grains as partial substitutes of fine aggregates in concrete mixture to produce lightweight concrete. The result showed that adding 5% EPS decreased the density of the concrete mixture to 20-25 kg/m 3 [5] . In this paper we investigate how the waste plastic banners can be used as the fiber material in manufacturing structural concrete to improve the mechanical properties of concrete, particularly its tensile strength. Additional advantage of using the waste plastic banners is to overcome the problem of plastic waste in the environment. Figure 1 shows the waste plastic banner that has been cut into small fibers, and will be used in this research as fibrous materials in the concrete mixture. So far no study has been reported on the use of waste plastic banners as fiber material in manufacturing structural concrete. The objective of this research is to determine the mechanical properties of fiber reinforced concrete using waste plastic banner as the fibrous material. We measure the compressive strength, tensile splitting strength, modulus of rupture and modulus of elasticity. We made concrete mixtures added with waste plastic fibers with different proportions: 0%, 0.25%, 0.5%, 1.0%, 2.0%. The concrete mixture without the addition of waste plastic banner fiber (0%), serves as the reference point for the measurement. The addition of waste plastic banner fiber is expected to improve the mechanical properties of concrete, especially to increase its capabilty to resist tensile stress. The dimension of fiber is determined by its aspect ratio, i.e. the rasio between its length and its diameter. We limit the addition of the waste plastic fibers up to 2% of the volume of conceret mixture to avoid the reduced workability of the plain concrete. [6] .
METHODOLOGY
To investigate the mechanical properties of waste plastic banner fiber concrete, especially for testing of compressive strength, tensile splitting strength, modulus of rupture and modulus of elasticity, we need to cast some specimens. To measure the compressive and splitting tensile strengths, we cast specimens of concrete cylinders with 10 cm in diameter and 20 cm in height which are tested at age of 7, 14 and 28 days. To measure the modulus of elasticity, specimens of concrete cylinders with 15 cm in diameter and 30 cm in height are tested at the age of 28 days. Beam specimens are cast to investigate their modulus of rupture. The beams have 15 cm by 15 cm in section and 60 cm of length. The beam specimens are tested for modulus of rupture test at the age of 28 days.
Materials
We use materials with known properties that meet specific standards in this research. The cement used in this study, type-1 cement with Semen Gresik brand, meets the ASTM C150 / C150M -17 "Standard Specification for Portland Cement" criteria. The fine aggregates used are derived from Galunggung sand, while the coarse aggregate used comes from Sudamanik, West Java. The water used must meet the minimum requirement as drinking water. The fibers used in this research come from unused PVC banners, cut into small fibers, 40 mm in length and 0.5 mm in diameter. Table 1 shows the natural properties of coarse aggregates and fine aggregates used in this research. 
where f / c is the concrete compressive strength (MPa), P is the peak load (N), A is the cross section of the specimen (mm 2 ).
Splitting Tensile Strength Test
The splitting tensile strength test is conducted under the provision of ASTM C496/C496M-11 "Standard Test Method for Splitting Tensile Strength of Cylindrical Concrete Specimens". A diametral compressive force is applied along the axial symmetry of a cylindrical concrete specimen, with 10 cm diameter and 20 cm height. The splitting tensile strength of the specimen is calculated using:
where fsp is splitting tensile strength (MPa), P is maximum applied load (N), L is length of the specimen (mm), D is diameter (mm).
Modulus of Rupture Test
The modulus of rupture test is conducted according to ASTM C78/C78M "Standard Test Method for Flexural Strength of Concrete (Using Simple Beam with ThirdPoint Loading)". If fracture occurs in the middle third of the span length, then the Modulus of Rupture is calculated by
where fr is the modulus of rupture (MPa), P is maximum applied load (N), L is span length (mm), b is average width of specimen (i.e. 150 mm), d is average depth of specimen (i.e. 150 mm).
Modulus of Elasticity Test
The specimen used to test the modulus of elasticity is a cylinder with 150 mm diameter and 300 mm height. The standard test for modulus of elasticity refers to ASTM C469 / C469M -10 "Standard Test Method for Static Modulus of Elasticity and Poisson's Ratio of Concrete in Compression". The modulus of Elasticity can be calculated using:
where E is the Modulus of Elasticity of concrete, S2 is the stress at 40 % limit load (MPa), S1 is the tension when the strain is 0.00005 (MPa), and 2 is the strain at the 40% limit load.
Mix Design
Concrete mixtures with no fibers added are designed to achieve the concrete compressive strength of f / c = 30 MPa, without the addition of waste plastic banner fiber, while the other 4 concrete mixture proportions are designed for f / c = 30 MPa too, but with the addition of waste plastic banner fiber with percentage 0.25%, 0.5%, 1.0%, and 2.0% of concrete volume. The design slump value is set at 10 + 2 cm. The waste plastic banner fiber has aspect ratio of 80 (40 mm length and 0.5 mm width 
RESULTS AND DISCUSSION

Slump Test
The slump test is used to control the workability of concrete mixtures. The design slump value in mix design is 10 + 2 cm. Figure 2 shows the slump values for mixtures with different fiber concentrations. Figure 2 shows that increasing the fiber concentration will decrease the slump value of the mixtures, indicating that high fiber concentrations make the concrete mixtures difficult to work with. It appears that the slump value continues to decrease to 6 cm in WPF D. In the WPF A mixture, the slump value is 8.5 cm which still meets criteria for the design slump value chosen in the mix design procedure. Addition of fiber up to 1% produces concrete mixture with the slump value of 70 (WPF C) which is below the desired slump value for workable concrete mixture. Thus adding fiber concentration above 1% is not recommended as it will significantly decrease the workability level of the concrete mixtures. The same result was obtained by Prahallada [7] , which used waste plastic fibers comes from plastic pots, buckets, cans, drums and utensils. Prahallada states that the maximum workability is achieved with the addition of 1% waste plastic fibers. Thirumugan [6] shows the same result while using waste nylon fiber. The addition of waste nylon fiber by 2% of volume reduce the slump value to 27 %. He observed that by adding the nylon fiber show good workability compared with other fiber combinations such as waste lath fiber or combination between lath and nylon fiber. The addition of waste plastic fiber above 1% increases the volume of the fiber which causes the mortar of cement paste to become stickier and it hinders the flow of concrete mixture. The waste plastic fibers can also produce fiber aggregation which contributed to the decreasing value of concrete slump. We suggest to limit the percentage of waste plastic banner to 0.5%, to obtain a workable concrete mixture.
Compressive Strength
The compressive strength test was performed using a cylindrical test object 10 cm in diameter and 20 cm in height. Tests were performed on test specimens that were 7, 14, and 28 days old. One day prior to the compressive strength test, the specimen is removed from the immersion bath and is left in the dry state for the compressive strength test. Equation (1) is used to obtain the compressive strength, f'c; the calculated compressive strength is calibrated to a standard test object (cylindrical concrete with 15 cm in diameter and 30 cm height), i.e. by multiplying its value to a factor of 1.04. Figure 3 shows the dependence of the compressive strength of the concrete mixtures with cure time. All mixtures (WPF 0 -WPF D) have similar dependence of the compressive strength with respect to the cure time as those of normal mixtures. Waste plastic banner fiber concrete gain 77% its compressive strength at the age of 7 days, 14 days reaches 91% and reaches the ultimate compressive strength at 28 days. In general, the normal concrete mixture reaches 65% of the compressive strength at 7 days and 88% at 14 days. The concrete mixture WPF C, with 1% waste plastic fibers added, has the highest compressive strength of 35.56 MPa, which is 4.95% higher than the compressive strength of WPF 0. In contrast, WPF A shows a decrease in the compressive strength by almost 16.5 % compared that of WPF 0. WPF A also produces the smallest compressive strength value compared to other mixtures. Our study shows that adding plastic waste fiber does not give change the compressive strength of the concrete significantly. Similar results are shown by Thirumugan [6] , the addition of plastic waste fibers from nylon tends to decrease the compressive strength of the concrete. However, mixing nylon waste fibers with lath fibers fairly improve the compressive strength of the concrete. Some researchers added pozzolan to improve the compressive strength of concrete. Du et al. [8] used GGBFS (Ground Granulated Blast Furnace Slag) material to improve compressive strength of fiber reinforced concrete.
Splitting Tensile Strength
The splitting tensile strength test is performed on cylindrical concrete specimens cured at 7, 14 and 28 days. Equation (2) is used to calculate the splitting tensile strength of the specimen. Figure 4 shows the relationship between splitting tensile strength and the waste plastic banner percentage for 7, 14 and 28 days specimens. Each splitting tensile strength test was obtained from nine test specimens, which have standard deviations from 0.11 to 0.48 MPa. The splitting tensile strength increases with cure time 7 and 14 days for all mixtures. We observed one exception that the splitting tensile strength decreases for WPF A and WPF C at cure time of 28 days. At cure time of 7 days the splitting tensile strength has reached 84.9% compared to values at 28 days. At the age of 14 days, the splitting tensile strength of the average has reached 92% of the results at the age of 28 days.
The mixture WPF B, with 0.5% added fiber, produces the highest splitting tensile strength value of 3.68 MPa. This value shows an increase of 14.28% compared to that of a normal concrete mixture WPF 0.
The addition of more fibers does not increase the tensile strength of concrete. These results are similarly shown by Javali [9] who uses polypropylene plastic fibers. By adding 0.3% the polypropylene fiber tensile strength of the concrete reaches a maximum value of 3.7 MPa. However, by combining polypropylene fiber with steel fiber, the tensile strength increased to 8.5 MPa [9] . Prahallada [7] suggests similar results, adding 1% plastic waste fiber gives maximum tensile strength in concrete, but an increase of above 1% will decrease the tensile strength value.
Taking into account the effect of concrete workability, we recommend adding 0.5% of the plastic waste fiber to the concrete mix to increase the tensile strength.
Modulus of Rupture
The modulus of rupture of the concrete is obtained from a beam specimen, 15 cm in height, 15 cm in width and 60 cm in length. The beam specimen is tested at the age of 28 days. The experiment uses the three point loading method. The results are tabulated in Table 4 . Each modulus of rupture test was obtained from three test specimens, with standard deviations range from 0.11 to 0.47 MPa. [7] which states that the addition of plastic waste fibers above 1% will lower the Modulus of Rupture of the concrete.
The relationship between compressive strength and Modulus of Rupture can be derived by using the empirical equations in IS 456 "Indian Standard Code of Practice-Plain and Reinforced Concrete" [24] , which gives :
Where fr is Modulus of Rupture of concrete (MPa), and f'c is concrete compressive strength (MPa). Equation 5 provides a prediction of the flexural strength which is quite close to the experimental flexural strength. Similar results were also obtained by Khan et al., [10] . Figure 5 shows the relationship between the Modulus of Rupture value of the experimental results with the empirical equations developed from IS 456. From these results, the empirical relationship between compressive strength and Modulus of Rupture suggested by IS 456 as in (5) can also be used for concrete with plastic waste fiber. 
Modulus of Elasticity
Modulus of Elasticity is the ratio of normal compressive stress to the corresponding strain below proportional limit of concrete. To obtain the modulus of elasticity value, testing program were done to a 28 days of cylindrical which has a diameter of 15 cm with a height of 30 cm. Table 5 shows the correlation between fiber percentage and the Modulus of Elasticity. From the table it can be seen that in general the addition of flex banner waste fiber can increase the value of the Modulus of Elasticity of concrete. A mixture of WPF B which has a flex banner waste fiber content of 0.5% shows the highest Elasticity Modulus value of 23,025 MPa. This value shows an increase of 12% over the normal mix, WPF 0, which does not contain flex banner waste fiber.
We proposed the relationship between the compressive strength and the Modulus of Rupture, derived by using the modified empirical equations in ACI 318-11 "Building Code Requirements for Structural Concrete" [20] , to give:
Where Ec is the Modulus of Elasticity (MPa), f'c is the concrete compressive strength (MPa), and  is the modification factor which is taken 0.82.
The coefficient  is chosen to give the predicted value closest to the experimental Modulus of Elasticity. Figure 6 shows the relationship between the compressive strength with the value of Modulus of Elasticity. The value of Modulus of Elasticity shown is the value of the experimental result, the result of the ACI 318-11 empirical equation, and the result of the modified ACI 318-11 equation (Eq. (6)).
The regression analysis was conducted to determine the accuracy of the proposed empirical equations. From the results of regression analysis, coefficient of determination obtained is equal to R 2 = 0.9997.
This result is closely approximated by Khan et.al [10] which uses the empirical equation of IS 456, which states the relationship between compressive strength with Modulus of Elasticity expressed by the equation Ec = 5,000√f'c, which yields R 2 = 0.610. 
CONCLUSION
In general the additional of waste plastic banner fibers can improve the mechanical properties of hardened concrete, including its compressive strength, splitting tensile strength, Modulus of Elasticity and Modulus of Rupture. The optimum mechanical properties of hardened concrete is achieved by the addition of waste plastic fiber 0.5 -1.0% of the volume of concrete mixture. Adding waste plastic banner fiber above 1.0% will decrease the workability of fresh concrete which causes the concrete mix to become hard and is difficult to cast. In the end, the use of waste plastic banners as a concrete mixture is expected to reduce the level of environmental pollution by plastic waste. 
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